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Experimental Section
Instrumentation and Materials.
Commercially available solvents and reagents were used without further purification unless otherwise mentioned. Silica-gel column chromatography was performed with UltraPure Silica Gel (230-400 mesh, SiliCycle) unless otherwise noted. Thin-layer chromatography (TLC) was performed with Silica gel 60 F 254 (Merck) . Size exclusion gel permeation chromatography (GPC) was performed by Bio-beads S-X1 (Bio-rad). UV/Vis/NIR absorption spectra of solutions and films were measured with a Perkin-Elmer Lambda 900 UV/vis/NIR spectrometer. Steady-state fluorescence spectra were obtained by a HORIBA Nanolog spectrometer.
1 H and 13 C NMR spectra were recorded with a JEOL EX-400 spectrometer (operating at 400 MHz for 1 H and 100 MHz for 13 C) by using the residual solvent as the internal reference for 1 H (CDCl 3 : δ = 7.26 ppm or CD 2 Cl 2 : δ = 5.32 ppm) and 13 C (CDCl 3 : δ = 77.16 ppm). High-resolution mass spectra (HR-MS) were measured on a Thermo Fischer Scientific EXACTIVE spectrometer for ESI measurements.
Attenuated total reflectance-Fourier transform infrared (ATR-FTIR) spectra were taken with the golden gate diamond anvil ATR accessory (NICOLET 6700, Thermo scientific), using typically 64
scans at a resolution of 2 cm -1 . All samples were placed in contact with the diamond window using the same mechanical force.
Electrochemical Measurements.
Electrochemical measurements were made using an ALS 630a electrochemical analyzer. Redox potentials were determined by differential pulse voltammetry (DPV) in THF containing 0.1 M tetrabutylammonium hexafluorophosphate (Bu 4 NPF 6 ). A glassy carbon (3 mm diameter) working electrode, Ag/AgNO 3 reference electrode, and Pt wire counter electrode were employed.
Ferrocene (+0.642 V vs NHE) was used as an internal standard for the DPV measurements.
Density Functional Theory (DFT) Calculations.
All calculations were carried out using the Gaussian 09 program. S1 All structures of porphyrins were fully optimized without any symmetry restriction. The calculations were performed by the density functional theory (DFT) method with restricted B3LYP (Becke's three-parameter hybrid exchange functionals and the Lee-Yang-Parr correlation functional) level, employing a basis set 6-31G(d) for C, H, N, O, Si and Zn.
Preparation of Porphyrin-Sensitized TiO 2 Electrode and Photovoltaic Measurements. The counter electrode was prepared by drilling a small hole in an FTO glass (solar 1 mm thickness, 10 Ω/o, Nippon Sheet Glass), rinsing with distilled water and ethanol followed by treatment with 0.1 M HCl solution in 2-propanol using an ultrasonic bath for 15 min. After heating in air for 15 min at 400 °C, the platinum was deposited on the FTO glass by coating with a drop of H 2 PtCl 6 solution (2 mg in 1 mL of ethanol) twice. Finally, the FTO glass was heated at 400 °C for 15
min to obtain the counter Pt-electrode.
A sandwich cell was prepared by using the dye-anchored TiO 2 film as a working electrode and a counter Pt-electrode, which were assembled with a hotmelt-ionomer film Surlyn polymer gasket (DuPont, 50 µm), and the superimposed electrodes were tightly held and heated at 110 °C to seal the two electrodes. The aperture of the Surlyn frame was 2 mm larger than that of the area of the TiO 2 film, and its width was 1 mm. The hole in the counter Pt-electrode was sealed by a film of A solution of LDA was prepared from n-BuLi (2.7 mL, 0.61 mmol) and diisopropylamine (0.84 mL, 0.61 mmol) in THF (4.0 mL). To a solution of porphyrin 1 in dry THF (0.6 mL) was added the LDA solution (0.50 mL, 11 µmol) and the mixture was stirred at -78 °C for 1.5 h under argon atmosphere. Chlorotriethoxysilane (69 µL, 380 µmol) was slowly added to the mixture, and the resulting mixture was stirred at room temperature for 2 h. After the solvent was removed under reduced pressure, the residue was purified by GPC using toluene as eluent to give ZnPSi1. [
5-Bis(4-hexylphenyl)amino-15-(4-iodophenyl)ethynyl-10,20-bis(2,6-dioctyloxyphenyl)-porphyri nato]zinc(II) (2).
A solution of porphyrin 1 in dry THF (20 mL) and triethylamine (5.0 mL) was degassed with argon for 20 min. 1,4-Diiodobenzene (70.0 mg, 212 µmol), Pd(PPh 3 ) 4 (7.0 mg, 6.1 µmol), and CuI (1.5 mg, 7.9 µmol) were added to the mixture and the mixture was stirred at room temperature for 1 h under argon atmosphere. The reaction was quenched with water and the product was extracted with CH 2 Cl 2 . The organic layer was dried over anhydrous Na 2 SO 4 and the solvent was removed under reduced pressure. The residue was purified by GPC using toluene as eluent to give 2 (40.1 mg, 25.1 µmol, 63%) as a green solid. 9, 152.1, 151.9, 150.5, 150.3, 137.8, 134.7, 133.0, 132.2, 130.6, 130.3, 129.9, 128.8 122.0, 120.8, 114.5, 105.2, 98.6, 68.7, 35.3, 31.8, 31.6, 31.5, 29.2, 28.7, 28.6, 28.5, 25.2, 22.7, 22.3, 14.2, 13.9 9, 152.0, 152.0, 150.5, 150.0, 135,0, 134.7, 132.1, 130.1, 130.0, 128.8, 122.0, 120.9, 114.5, 105.2, 99.0, 68.7, 59.0, 35.3, 31.8, 31.6, 29.2, 28.7, 28.6, 28.5, 25.2, 22.7, 18.4, 14.2, 13.9 2850, 1591, 1506, 1455, 1338, 1249, 1098, 999, 795, 713, 541, 448 cm -1 .
{5-Bis(4-hexylphenyl)amino-15-[4-(4-triethoxysilylphenyl)carbamoylphenyl]ethynyl-10,20-bis(2,
6-dioctyloxyphenyl)-porphyrinato}zinc(II) (ZnPSi3).
2-Chloro-1-methyl-pyridinium iodide (11.8 mg, 9.3 µmol) was added to a mixture of YD2-o-C8
(20.9 mg, 13.8 µmol), 4-triethoxysilylaniline (35.0 mg, 141 µmol) and triethylamine (15 µL) in dry THF (6 mL) and the mixture was stirred at room temperature for 15 h. After the solvent was removed under reduced pressure, the residue was purified by GPC using toluene as eluent to give ZnPSi3. Reprecipitation from CH 2 Cl 2 and acetonitrile gave a green solid of ZnPSi3 (20.2 mg, 11.5 µmol, 83% = 196.1, 159.9, 152.2, 152.1, 150.6, 150.4, 136.1, 132.3, 132.2, 131.8, 130.7, 129.9, 128.9, 127.4, 122.1, 120.8, 119.4, 105.2, 68.6, 58.9, 35.3, 31.8, 31.6, 31.4, 29.2, 28.7, 28.5, 25.2, 22.7, 22.3, 18.3, 14.1, 13.9 2925, 2854, 1587, 1506, 1455, 1338, 1249, 1099, 998, 792, 725, 480, 446 cm -1 . Figure S1 . Observed (top) and simulated (bottom) high-resolution ESI-MS of (a) ZnPSi1, (b) 2, (c) ZnPSi2, and (d) ZnPSi3. Figure Figure S9 . Schematic representations of the plausible adsorption geometry of ZnPSi1, ZnPSi2, and ZnPSi3 on TiO 2 . With increasing the spacer length, the tilt angle (θ) of the porphyrins increases in the following order: ZnPSi1 < ZnPSi2 < ZnPSi3. Nevertheless, the through-space distance (R) for ZnPSi2 between the porphyrin and TiO 2 is larger than those for ZnPSi1 and ZnPSi3. The longer through-space distance leads to the weaker electronic coupling and slower CR process.
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